Background: Brachial-cephalic arteriovenous fistulas (BCFs) are associated with high-flow volumes, leading to potential risks such as arm swelling, steal syndrome, pseudoaneurysm (due to a pressurized access), and cephalic arch stenosis. We hypothesized that a proximal radial-cephalic fistula (prRCF) configuration mitigates these risks because a lower flow state is created. Furthermore, we also hypothesized that despite these lower flows, patencies (primary, primary assisted, secondary) are sustained.
Guidelines offered by both the National Kidney Foundation Kidney Disease Outcomes Quality Initiative (NKF KDOQI) and the Society for Vascular Surgery (SVS) strongly urge the use of autogenous arteriovenous fistulas (AVFs) for hemodialysis (HD) access. 1, 2 Multiple studies show improved outcomes, patency rates, and long-term survival with the use of AVFs compared with arteriovenous grafts (AVGs) or tunneled central venous catheters (CVCs). [3] [4] [5] [6] In addition, the NKF KDOQI guidelines provide recommendations as to which AVF configuration should be created first. The preferred initial HD access, if feasible, is a radial artery-cephalic vein AVF at the wrist (Brescia-Cimino fistula). If such a configuration is not possible, then an upper arm brachial arterycephalic vein AVF (BCF) should be sought after next according to guidelines. The third option is the upper arm transposed brachial artery-basilic vein AVF. If none of these configurations are possible, then an AVG should be placed. A tunneled CVC should be the last option. Despite multiple series reporting successful outcomes with midarm AVFs based off the proximal radial artery, the NKF KDOQI guidelines neglect to mention this configuration. [7] [8] [9] [10] [11] [12] [13] A proximal radial artery-cephalic vein AVF (prRCF) could be beneficial for multiple reasons. First, this configuration can increase opportunities for ckozaki@partners.org).
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Copyright creating a functional autogenous AVF while preserving future upper arm options. In addition, prRCFs have theoretically fewer complications compared with BCFs because of hemodynamic effects. BCFs are typically associated with high-flow volumes, which can lead to potential risks, such as arm swelling, steal syndrome, pseudoaneurysm (due to a pressurized access), cephalic arch stenosis, and heart failure. 14 These risks are arguably less prevalent after creation of a prRCF because the radial artery gives way to a lower flow state. These benefits of a lower flow access must be balanced, however, with a theoretical decrease in AVF maturation. As such, if a Brescia-Cimino AVF is not possible, one should potentially consider creating a prRCF before a BCF, although evidence to inform the decision is sparse. The purpose of this study was to determine whether a prRCF configuration mitigates the risks of a high-flow BCF because a lower flow state is created. Furthermore, we also hypothesized that despite these lower flows, patencies (primary, primary assisted, secondary) are sustained in prRCFs.
METHODS
Using a prospectively collected, institutional database of all patients undergoing permanent HD access, patients were retrospectively identified who underwent either a BCF or prRCF from November 2008 through March 2016. Incorporating information from this database along with a comprehensive review of the electronic medical record, various preoperative clinical and imaging characteristics, operative variables, and postoperative complications were analyzed.
Preoperative variables such as age, gender, and cardiovascular comorbidities were gathered. Patients were classified as either currently on HD or approaching end-stage renal disease. Prior AVFs or AVGs and their locations as well as the presence of tunneled dialysis catheter were recorded. Preoperative imaging modalities (ultrasound mapping or venography) and any associated interventions were reviewed.
All operative procedures were performed by a single surgeon. A BCF was created in the standard fashion after exposing the cephalic vein and brachial artery just distal to the antecubital crease and then constructing an endto-side anastomosis. The prRCF configuration was created in a similar manner. A postinduction, preincision ultrasound examination is critical to identify the bifurcation of the brachial artery such that the adjacent cephalic vein (or appropriate-sized antecubital vein draining into the cephalic vein) could be identified close to the proximal radial artery. After this area is marked with indelible ink, an approximately 3-cm longitudinal incision typically just distal to the antecubital crease is made to expose and control both vein and artery (Fig 1) . An end-to-side anastomosis is created in the standard fashion. The AVF is then assessed for adequate flow, and the vein is surveyed for nearby side branches in need of ligation. Other details of the procedure including anesthesia technique, AVF configuration and location, vessel diameter, completion studies (Doppler ultrasound, fistulography), presence of palpable thrill, and steal physiology (asymptomatic reversal of arterial flow distal to the AVF anastomosis) were recorded. Postoperative bleeding and wound complications were captured.
The presence and treatment of multiple postoperative outcomes censored at 2 years were analyzed. Specifically, the development of arm swelling, pseudoaneurysm formation, symptomatic steal syndrome (grade 2 or 3), and AVF thrombosis and the need for interventions such as surgical revision (patch venoplasty, new anastomosis, interposition/jump graft, banding), venoplasty or stenting for cephalic arch stenosis, side branch ligation, and superficialization were identified. Arm swelling was defined as symptomatic extremity edema noted on physical examination that ultimately required either elastic compression or catheter-based intervention for presumed central stenosis. Pseudoaneurysm formation was defined as aneurysmal degeneration of the outflow tract leading to subjective symptoms or readily apparent physical examination findings that may have required surgical intervention. Whereas the genesis of pseudoaneurysms is multifactorial, high inflow leading to a pressured access is a major contributor, thus rationalizing the tracking of this important complication. In addition, a standard maturation ultrasound examination in an Intersocietal Commission for the Accreditation of Vascular Laboratories-certified vascular laboratory was usually performed 4 to 8 weeks after surgery, which provided flow volumes. Finally, the date that the AVF was successfully used or abandoned was recorded.
All variables were compared between BCF and prRCF Recommendation: This study suggests that a proximal radiocephalic fistula is superior to a brachiocephalic fistula because of a lower incidence of access complications in the setting of equivalent patency rates at 1 year.
and pseudoaneurysm at 2 years after the procedure. Finally, by recording the timing of interventions to maintain or to re-establish AVF functionality as well as the interval until access abandonment, primary, primary assisted, and secondary patency curves were plotted using Kaplan-Meier techniques and compared using Cox proportional hazards. Stata 14.1 software (StataCrop LP, College Station, Tex) was used for all statistical analysis. This study was completed after Institutional Review Board approval, and given the retrospective study design, patient informed consent was not required.
RESULTS
During the study period, 345 AVFs and 72 AVGs were primarily placed, with 56 undergoing a BCF and 50 having a prRCF. The majority of patients were elderly, obese, white women who suffered from typical cardiovascular comorbidities of hypertension and diabetes mellitus. Nearly half of the cohort (n ¼ 52 [49%]) was not yet on HD (ie, had pre-emptive AVF created). Except for prRCF patients being older, there was no difference between the groups with regard to preoperative characteristics (Table I) .
Overall, regional was the most common anesthetic technique; however, there was a difference among anesthesia techniques used between the two groups (Table II) . Mean arterial diameter was significantly larger in the BCF group compared with the prRCF group (4.02 6 1.1 mm vs 2.63 6 0.8 mm; P < .001); however, there was no difference in mean vein size between the two The cohort had a mean follow-up of 1.8 6 1.7 years, with the BCF group having considerably longer surveillance. BCF patients had significantly higher postoperative flow volumes (1060 6 587 mL/min vs 734 6 344 mL/min; P < .001). Fistulography was performed at some point in the 2-year period after creation in most patients (61%) for a variety of indications. The primary end point (composite of patients with arm swelling, pseudoaneurysm, and steal syndrome) was significantly more common in the BCF group than in the prRCF group (n ¼ 14 [25%] vs n ¼ 2 [4%]; P ¼ .02; Table III ). Of note, pseudoaneurysm formation occurred within 2 years of HD initiation in five of the eight patients in the BCF group (63%). The BCF group required more interventions (venoplasty or stenting) for cephalic arch stenosis compared with the prRCF group, but this difference was not statistically significant (n ¼ 13 [23%] vs n ¼ 6 [12%]; P ¼ .13). Surgical revisions were relatively uncommon. Of those patients requiring HD within 1 year, both BCFs and prRCFs were successfully used in the majority of patients (n ¼ 27 [66%] vs n ¼ 25 [63%]; P ¼ 1.0). Unadjusted primary (19% vs 12%; P ¼ .53), primary assisted (71% vs 62%; P ¼ .35), and secondary patency (86% vs 84%; P ¼ .95) rates at 2 years were statistically similar between BCF and prRCF groups (Fig 2) .
DISCUSSION
Multiple studies and national guidelines clearly delineate the numerous benefits of using an autogenous access for HD compared with prosthetic grafts and CVCs. [1] [2] [3] [4] [5] [6] These recommendations also suggest that a distal forearm AVF (Brescia-Cimino) should be attempted first, if anatomically possible, followed by an upper arm AVF. However, upper arm AVFs, vis-à-vis high-flow volumes, can lead to potential complications such as arm swelling, steal syndrome, pseudoaneurysm, cephalic arch stenosis, and heart failure. 5, 6, 14, 15 Repeated AVF cannulation is certainly a risk factor for pseudoaneurysm formation over time; however, high-flow rates have been previously shown to increase the odds for development of pseudoaneurysm by 25%. 16 Using the proximal radial artery as inflow may mitigate these risks and therefore should be a more routinely considered AVF configuration if a distal forearm option is not available.
In an effort to validate this hypothesis, this study retrospectively compared outcomes of patients who underwent a BCF and prRCF. As expected, BCFs generated higher flow volumes, which likely contributed to their significantly increased number of complications (composite of arm swelling, pseudoaneurysm, and steal syndrome) compared with the prRCF group. Only 4% of the prRCF group developed one of these complications; more specifically, one patient developed steal syndrome and no patients had pseudoaneurysm formation of the arterialized vein. These results are similar to those of Kumar et al, who reported 0.3% incidence of pseudoaneurysm and 0% steal syndrome in their series of 320 patients undergoing prRCF. 15 In contrast, certain reports suggest that steal syndrome occurs in 5% to 15% of patients after BCF, [17] [18] [19] again similar to the 9% incidence in this study. These complications compromise patients' quality of life and lead to additional procedures. 20, 21 With regard to additional interventions, cephalic arch stenosis or "burnout" is often the source of AVF dysfunction, reported in up to 15% of patients, requiring numerous, repetitive interventions. 22 The cephalic arch is prone to stenosis because of the natural curvature and narrowing of the cephalic vein as it travels through the clavipectoral fascia. 23 This course leads to turbulent blood flow, which over time creates endothelial injury and intimal hyperplasia. 23, 24 The vein in this location, however, cannot undergo compensatory dilation because of the dense surrounding fascia, which ultimately leads to stenosis or obstruction. 24 Given the impact of hemodynamic forces, one would naturally suspect that the prevalence of cephalic arch stenosis would be higher in those with a high-flow access. The series of Rajan et al corroborates this idea as 39% of those with BCF developed cephalic arch stenosis, whereas its prevalence was only 2% in those with a radial-cephalic AVF. 22 Results from this study are not as discrepant but certainly suggest a trend as 23% of those in the BCF group underwent percutaneous cephalic arch interventions, whereas only 12% in the prRCF group required a similar intervention. This difference between the groups did not reach statistical significance (probably because of type II error) but is certainly clinically meaningful as lesions in this area are often resistant to balloon angioplasty (1-year primary patency of 23%) and stent grafts are prone to failure (1-year primary patency of 32%) or migration, which can compromise future basilic vein options. 22, 25 Endovascular approaches dominate our center's management of these lesions, although some address these by open reconstructions.
Despite the lower flow volumes, prRCFs did not suffer from decreased patency rates compared with BCFs in this study. Instead, the 2-year secondary patency rates were nearly identical for the two groups, each approaching 90%. Our results with prRCF are excellent compared with those presented in a recent review of 10 articles wherein the 2-year secondary patency rate of prRCFs ranged from 53% to 88%.
11 To achieve such results, our institution maintains a diligent surveillance program whereby we address dysfunctional AVFs in a multidisciplinary manner. Having an aggressive surveillance program, however, can negatively skew primary patency rates, as our results for both BCF and prRCF are lower than average in this regard. Albeit relatively small, a growing body of literature exists that advocates for the use of prRCFs, given their functional success and low complication rates. [7] [8] [9] [10] [11] [12] [13] This study provides direct evidence that reaffirms this notion and provides details about complications often attributable to high-flow volume accesses with the ultimate goal of having prRCF become the second-line HD access option as opposed to a BCF. Changing practice patterns can be difficult; however, it is certainly realistic, especially when driven by clinical outcomes. During the course of the study period, a large portion of the prRCFs were created in the latter 2 years of the study period, demonstrating our fundamental shift to approaching HD access. Creating a prRCF is technically similar to all other principles of HD access surgery and does not require a substantial learning curve. A preoperative ultrasound examination after the regional block has been completed is critical, however, to identify the most suitable vein that is adjacent to the proximal radial artery. Limitations to this study include its retrospective analysis subject to various biases. For example, no specific objective size criteria were prospectively gathered with regard to arm swelling or pseudoaneurysm formation, which complicates the ability to decipher the clinical relevance of these outcome measures. Nonetheless, these complications, when present, led to some form of intervention in the majority of patients, suggesting that they were indeed clinically significant. Also, because completion fistulography was not routinely performed, there is the possibility that a presumed BCF could in fact be a prRCF if the patient had a proximally located arterial bifurcation, which would skew results, although our preoperative planning duplex ultrasound studies usually identify such anatomy.
In addition, even though no specific changes have occurred during the past decade in our preoperative management or postoperative surveillance, the AVF configurations created were not evenly distributed throughout the study period, which can introduce some unknown confounding factor into our results. Selecting patients from a single surgeon's experience does minimize but not eliminate this limitation.
Furthermore, follow-up was not long term and intentionally truncated. Gathering quality, long-term followup in this population of patients can be difficult as patients with end-stage renal disease often have multiple medical problems and have a tendency to receive their health care from a number of different providers at different institutions. Second, because of the uneven distribution of AVF configurations during the study period, the length of follow-up and number at risk for patency complications are different between the groups. However, this unequal duration of follow-up can be mitigated by using a Cox proportional model, whereby the hazard ratio is assumed to be constant over time.
CONCLUSIONS
Under the conditions of this study, prRCFs have fewer complications yet similar midterm durability compared with BCFs. When it is anatomically feasible, prRCFs should be constructed over BCFs because of their superior physiology and clinical outcomes. 
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